Plants, in particular trees with specific habitat demands are excellent indicators of climate state. 26 Vegetation successions in subrecent and deep geologic time is recorded in fossil macro-remains 27 or pollen accumulating in geological archives like limnic and marine sediments, peat bogs and 28 mires. Birch trees in Europe form a major part in plant successions and constitute the dwarf 29 species Betula nana and Betula humilis representing cold-adapted habitats or climates and two 30 tree birches, Betula pubescens and Betula pendula characteristic for temperate habitats or 31 climates. These birch species exhibit highly similar pollen shape and size, preventing their 32 unambiguous application as paleoclimate/paleovegetation proxies. We here present a 33 chemotaxonomic differentiation of the four European birch species based on their epicuticular 34 wax lipids. The dominating lipid classes in epicuticular birch waxes were found to be n-alkanes 35 (in the range of n-C23 to n-C33), straight-chain primary alcohols and fatty acids (in the range of 36 n-C20 to n-C32), and long-chain wax ester (in the range of n-C38 to n-C46) in variable amounts 37 and distributions. When preserved in geological archives these lipids may serve in 38 paleovegetation/paleoclimate reconstruction. Long-chain wax esters are susceptible to 39 hydrolysis and upon diagenesis the release of ester-bound alcohols and fatty acids may modify 40 the distribution pattern of the corresponding primary free lipids. Quantitative analysis of the 41 hydrolyzable wax ester proportion revealed primary distribution patterns of birch lipids not to 42 change substantially upon release of bound analogues. The specific composition and 43 abundance of epicuticular wax lipids facilitates unambiguous chemotaxonomic separation of 44 the four European birch species. Wax lipid-based discrimination in field application, however, 45 is complicated by mixing of alkyl lipids derived from different birch species and contribution 46 of wax lipids from other plants. In cases, where palynology indicates a high contribution of 47 Betula species to European vegetation associations, wax lipids may serve for differentiation of 48 the species contributing.
Introduction
Leaf wax characteristic calculations 171 The n-alkane content of plant species was calculated as µg/g dry weight (d.w.) of leaf based on 172 mean values of triplicate analysis with standard deviation (Fig. 1) . 173 Average chain length (ACL) for n-alkanes with 23 to 33 carbon atoms was calculated as: 184 For total wax ester quantification, the respective wax ester peaks in the GC-MS chromatograms 185 were integrated and quantified against an internal standard (deuterated tetracosane). For a wax 186 ester of the type RCOOR' the diagnostic fatty acid ion is RCOOH2 + , indicative for the alkanoic 187 acid chain length. R'-1 + derives from the corresponding alcohol moiety, however, its intensity 188 is low and difficult to detect. Therefore, the diagnostic acid fragments (RCOOH2 + ) of peaks 189 containing co-eluting alkyl esters of identical total mass but variable combinations of alcohol 190 and alkanoic acid moieties were integrated to determine the percentage of the respective isomer 191 contribution. Multiplication of isomer percentages by analogue abundances led to the recent leaves a typical odd-over-even predominance was detected, which is expressed in high 217 CPI values. Highest CPI values were found in B. pendula averaging 41.3, followed by B. 218 pubescens with 36.4 and B. nana with 11.1. The CPI for B. humilis could not be calculated due 219 to the lack of even-numbered n-alkanes. The n-alkane CPI values of the three species were 220 high, indicating that there was no significant contamination by diagenetic or petroleum-derived 221 n-alkanes. 222 The birch trees examined in this study grew under identical environmental conditions in the could not confirm a significant temperature control on ACL neither in C3 woody plants nor in 234 C3/C4 grasses. Higher ACL values, due to a higher proportion of nC31, nC33 and partially nC35, 235 were observed in C4 grasses (poaceae) of arid zones in Africa, which distinguished them from 236 C3 species from Peru and Australia [67] . A correlation between the preferred habitat of the four 237 birches from our study (arctic/alpine vs. temperate zone) and ACL is not noticeable, since 238 especially the two cold tolerant dwarf birches showed markedly different n-alkane 239 distributions. However, the measured ACL values were in accordance with the expected values, grasses, were found. As with the n-alkane distribution, a typical terrestrial higher plant pattern was observed, 250 yielding a strong even-over-odd dominance in carbon chain-lengths [68] . The n-alcohol chain-251 lengths ranged from nC16 to nC32 with a predominance in long-chain alcohols (>nC20) in all 252 birches. As short chain-lengths n-alcohol homologues (<nC20) are primarily synthesised by The n-alkanoic acid abundances were characterized by a strong even-over-odd dominance in 278 carbon chain-lengths in the range of nC12 to nC30. Similar to the n-alcohols, short-chain 279 homologues (<nC20) were not significant for higher plants since these compounds are also 280 produced by a variety of organisms like bacteria and algae, or derive from cellular membranes 281 rather than waxes. Here, in all four birches species alkanoic acids in the range of nC12 to nC30 282 were observed to peak at nC16 or nC28. In the range of the long-chain fatty acids (>nC20), the 283 four Betula species maximized exclusively at nC28, whereby their concentrations differed by 284 two orders of magnitude ( Fig. 1 produced more short chain alkanoic acids than long-chain homologues, with highest 288 concentration at nC16 with 44.3±6.1 µg/g d.w. and nC18 with 20.8±1.3 µg/g d.w..
289
The relative distribution patterns of long-chain alkanoic acids in the four birches were too 290 similar to allow for differentiation. These basic findings were consistent with a litter and topsoil 291 transect experiment in which deciduous forest sites also showed a dominance of nC28 alkanoic 292 acids and differed from conifer (nC24) and grasslands sites (nC32 and nC34) [71] . Therefore, C28 293 alkanoic acid preponderance may serve to distinguish wax lipid inputs of birches from those 294 of grasses and conifers, like pines. This may be applicable for sediments in periods such as the Wax esters are dimeric wax compounds build by a n-alcohol and a n-alkanoic acid moiety, and n-alcohol amount 316 The mass spectral analysis of wax esters by GC/MS allowed to investigate their corresponding 317 bound n-alcohol and n-alkanoic acids (Fig. 6 , S3-S6 Tables).
318
In all four species, only even-chain alkanoic acids in the range of nC14 to nC28 and alcohol 319 moieties ranging from nC18 to nC32 were observed resulting in even-chain alkyl esters. In B. The bound n-alkanoic acid and n-alcohol moieties of wax esters might be released during 332 hydrolysis upon incorporation of alkyl esters into soil or during early burial stages in sediments.
333
As consequence, the amount of hydrolysis-released, previously ester-bound n-alkanoic acids 334 and n-alcohols in a sediment will impact on the quantity and distribution pattern of free n- 
418
Due to the complexity of the n-alkane patterns both within a species and between different 419 species, we subdivided the data according to distributions of n-alkanes in each species into 420 three groups to improve comparison. The published data of each species were subdivided into 421 two groups (type I and type II) of similar composition and compared with the lipid distribution 422 of the birches from Kiel (Fig. 4, Table 2 ). Type I of each species had a wax lipid composition 423 similar to the Betula species from Kiel and was characterized by a dominance of long-chain n-424 alkanes (nC27, nC29, nC31) . In contrast, type II of each species was defined by a high presence 425 of mid-chain n-alkanes (nC23, nC25), but also nC27, and only minor quantities of long-chain n-426 alkanes with more than 29 carbon atoms.
427
All Betula tree species from Kiel and from globally distributed type I were distinct from grasses 428 and shrubs by a prominent prevalence of the nC27 alkane ( Fig. 1 and 4) . Grasses are mainly 429 dominated by very long-chain n-alkanes with nC31 and nC33 or even nC35, and therefore are temperature or geographical trend. This may suggest that genetic differences between the 462 populations control wax lipid composition, preferentially. It is conceivable that not only "pure-463 bred" birches of the respective species were examined in these studies, but also subspecies or 
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